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MEMORANDUM REPORT

for the

Department of Commerce
TESTS OF A 1/1;0-SCALE WING-HULL MODFL AND A 1/10-8C~LE
FLOAT-STRUT MODLL OF THD HUGHES-KATSER CARGO AIRPLAKE
10 TEE TWO-DINENSIONAL LOW-TURBULENCE PRLESSURE TUNKEL

By Felicien F. rfullmer, Jr .
TNTRODUCTION

At the request of tie Department o Cormerce, aero-
dynamic and hydrodynamic tests have been made of a 1/40-
scale wing-hull model and a 1/10-scele float-strut model
of the proposed arrangement of the Hughesg-Haiser c&argo
airplane. The aerodynanic tests were made in the NACA
two-dimensional low-turbulence pressure tunnel @nd the
results are presented in thils report. The nhydrodynamlc
tests were made in the MACA tank and are being reported
separately.

The serodynamic tests were made primarily to study
the drag characteristics of these models as originally
designed and to determine, if possible, how the proposed
designs could be improved. The investigation
sccordingly included tests of these nodels as received
and after various modifications had been made., Some of
these rodifications were made as the reault of hydro-
dynamic tests at the NACA tank. Vihenever nracticable,
2dditional tests were made to study the 1ift character-
istics of these models. The testas of the wing-hull
mrdel were made at a Reynolds number of aprroximately
22,5 million based on the model-hall length of 62.25
inches, The float-strut model was tested at a
Reynolds number of approximately 7 milllion based on the
model-float length of 23.00 inches.

HODELS

Wing-bull modsl,.- The model arvrangement tested 1s
shown in figure 1 in the orlginal condition and in figure
with the added chine-flare strips as recommended by the




NALCA tank. The span of the model was 36 inches (tunnel
test-section width); therefore, only the inboard portion
of the wing (approximately 37.5 percent of the full span)
wags modeled, The airplane wing tapers from an NACA
63(1,20)-321 root section to an HaCh 65,%-L18 section at
the tin. The airplsne Lull wes developed from and is
similar to the NACA model 3L~/ hull. The wing and hull
were constructed of mahogany and all surfaces were
palnted and sanded until aerodynamically smooth. dor
some tests fillets made of modeling clay were added to
the model at the wing-hull junction, These flllets
were of the expanding-radius type and were very small
forward of the maxlmum thickness of the wing. At the
wing trailing edge the £illst rasdii were 1 inch and
0.56% inch, respectively, on the upper and lower wing
surfaces. The fillets extended along the hull aft of
the Intersection for a distance of 2.25 inches, The
sten fairings used for sorme of the tests were made of
modeling clay and extended approximstely 8.5 inches aft
of the step. Roughness was applied to the hull by two
methods, first, by gluing number 50 thread around the
hull 3.1 inches aft of the bow and later by shellacking
0.01l2-1inch carborundum grains to the hull for a distance
of 3,1 1nches aft of the bow,

Float-strut model.- The model arrangement tested
is skown in figure 2, The mndel was constructed of
mahogany; all the surfacces were painted and sanded until
aerodynamically smooth. for these tests the model was
attached to a 36-inch-chord airfoil in such a manner that
the strut leading edge, extended, intersected the
quarter-chord point of the wing for all angles ol inci-
dence of the float. The %6-inch chord of the model
approximates, to the same scale, the chord of the air-
plane wing at the Jjuncture of tle wing and float strut.
The alrfoil used was chosen only because of its avail-
ability and was an NaCh 66,2-216 section. figure lla)
shows the float-strut model and the 36-inch-chord
alrfoil mounted in the test section., The wing was
mounted approximately 13 inches above the center line
of the tunnel so that the float and lower portion of the
strut would be within the working limits of the wake-
survey mechani sm. As a result of tests in the NACA
tank, a spray strip was added, the step was rermoved, and
a cove was cut into the alter section of the chine
(rig. L(v)).
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SYNBOLS

The coefficients and synbols used in this report are
detined as follows:

Ly
CLW model 1ift coefficient —fm
oy
ACH airplane-drag-cnefficient Increments &b
gS

C drag coefficients based on the maximum cross-
Da D, - D,

sectional area of the hulil LB

gA

Ly total 1ift on the model
SM wing area of the model

o . (L2
q dynamic pressure of air (zpV )
AD drag of surveyed portion of the model scaled to

full size

S total wing area of the alrplane
D¢ drag of surveved nortion of wing-hull comblnation
Dy drag of surveyed portion of the wing alone
A meximwm cross-sectional area of the hull
a angle of attack of the model wing
ap pitch angle (angle of attack of the hull)

TEST METHODS

The 1ift coefiicients were obtained by neasuring
the reaction of the 1ift on the floor and celling of
the tunnel (reference 1). The 1li.t data are presented
as model 1ift coefficlents CLM’

1



The drag measu?emente were made by the walite-survey
2

method {reference 1). he drag date are vresented as
airnians- dragmcceffjcienb inceements Ac.y becauvse the
ditferences in Cragz coefficisnt rssulting from wodiri-

cations of the arrvangemenis reyreseul divectly tﬂe
resu’'ting change in arag ccefficlent of the actus
airnlans, Tne value of this drag coeflicient also
resreseants the coatvivutlion to the total alrplane drag
coefilcient of the vortion of the model surveyved

Spanwlsge drag survevsg were made over the central 20
b O

Inches of the rmodel suan, By Intergrating these survey
diagrams the a*rw-dne dirag- coetficient Increments for the
wing-hull model were cdetcrmined. Tle model wing areca
surveyed corresponds to 2.2 percent of the actural asir-
plane wing ares. s Lynical survey ror one condition is
presented In figure 5. The section drag coelficilents

shown In this filgure are based on the mean geometric
model chord ol 1%2.72 inches,

The alrplane-drag-coefrficient increments for the
float-strut model were obtained by the integration of
drag surveys mace over the float and lower 12 inches
of the strut.

To compare the drag coefliclents for this model
with those of other bkulls, the cocrlficlents were also
based on the neximm cross-sectional arca and are

presented as drag coeffliclents Cp .
st

RESULTS ALD DIICUSSION

Wing-hull model.- The importunt 1ift data obtained

are presented in figure 6, Since wm'nar modif'ications

to the huil had iittle effect on the 1ift characheristics,
these data are net rresented, The i1acidence of the hull
is shown to usve an anpreciahle ““15-5 vren the angle of
zevo 1irt, tie slope, and the max’aim 1ift cosefficient.

These shsergas would Lhave been musly 1233 LF the total wing
area oi tihe airnlane had been renressniocd on the rnodel.

Thns drag data for each ricdel crringomani ware
obtalined at 13ift coefficlents cn-reSju wing ayvproxi-
mately to the exnected high speed, crulsing, ead climbd
condlitions for the alrplane. Thie d¢a5 cCata obtuined are



presented in figures T(a) and 7(b). A comparison
between these figures showsthat the step failring used
with wing incidences of 2° and L°® appreciably lowercd the
drag coefficlents of the wodel. The addition of wing
fillets reduced the drag coefficlents obtained with a
wing incidence of 2° but gave = snall increase in drag
with the wing incidence increassed to Le. The increased
chine flare added to the model following hydrodynamic
tests caused a small increase in the drag coefficients.
Doors, mooring apparstus, and other protuberances would
be expected to prevent extensive laminar flow over the
actual airplane hull; therefore, roughness was added to
the model to determine the draj coefflclents of the hull
with fixed transition, At & 1ift coefficlent of 0.25,
cementing 0.012-inch carborundum particles to the hull
increased the drag-coelficlent Increment 9 percent at

© incidence and gluing number 50 thread just aft of the
bow increased the drag-coefficlient increment 5 percent
at 7° incidence.

The differences between the values for the wing-hull
combination and those for the wing alone representc the
drag and interference of the hull expressed directly as
alrplane-drag-coefficient increments. These data &are
chiefly remarkable for the unusually low drag increments
caused by the hull. This is clearlyv indlcated in figure 8
where a comparison of the drag coefrliclents (based on
the maximum cross-sectional aresa) shows that the Hughes-
Kaiser hull, a modified NACA model fli-F, with Iixed
transition gave considerably lower Qrag coeflficients than
were obtained with the NACA model thF {reference 2) with
fixed transition. The more favorable results indicated
by the present tests may be partially attributed to
possible favorable interference between the wing and the
hull. The Hughes-Kaiser hull witu fixed transition gilves
lower drag coefficlents than other comparable NACA hulls
(references? and lj) in a smooth conditlon and the
coefficiente obtained with the hull in a smooth condition
are much lower.

Float-strut model.- The accuracy of the 1lirft data
obtained during the tests of this model was doubtlful:
therefore, no 1lift cocfficlents &re presented,

The drag data are presented in figuare 9 for the
three float settings tested. The afterbody step is
shown to cause an increase in drag for all three float
positions. Chznges in incidence of the [float and struat

to the wing did not affect the drag coeflicients to any



appreciable extent. The addition of the spray strip
and cove increased the drag of the model.

Tuft observations were made with and without the
step In the -afterbody and with the float keel line
pvaralled to the chord line of the wing. The results of
these tuft studies are presented in figures 10 and 11.
With the step in the aftervody of the rloat, the alr flow
generally waes steady except over the surface just aft of
the step. The flow over the bobttom of the float just
aft of the step was separated. At a point midway along
the bottom aft of the step the Fflow was intermittently
separated, Indicating that the alr strcam was closing
back into the surface. Withh no step in the afterbody,
the Clow over the float was steady excernt near the rear
oi the chine 1line. The alr sevarated locally as it
flowed over the chine line, but returned to a steady
conditlion over the remainder of the Ffloat,

CONCLUDING REMARKS

wing-hull model,- The results show that, for the
model tested, the incldence of the hull had an appreci-
able effect upon the angle of zero 1ift, the slope, and
the maximum 1ift charachteristics. Hinor modifications
to the hull had little effect on the 1lift characteristics
of this model.

ihe model as originally tested showed unusually low
drag coefficients for all angles of incidence, and the
addition of a step fairing lowered these drag cnefficients
7.5 percent. The addition of wing rillets caused only
small changes in drag, The added chine flare caused
small increase in the drag coefficiente of thlia model
in the high-spced condition, A moderate increcase In the
drag coefficients was obtained with transition rixed Just
aft of the how.

Moat-strut model,- The results show thas changes
1 i i e irn o e s 2
c

in incidence did mot appreciahly affect the drag coeifi-
clents of the model. An Increase in drag-coelficient



inerement of over 30 perccnt was obtained withh a step in
the afterbody of the float. The addition of thie spray

strips and the cove also caused an appreciable incrcasce

in drag.

Langley Heriorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Meld, Va., September 2L, 1943 .
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L-633

a = 7.23°

a = 4.12°
W e
o— 8teady flow
o= Turbulent flow
——o— Intermittently separated flow
—=  Separated flow a = 1,03°

NATIONAL ADVISORY
COMMITIEE FOR ALRONAUTICS

Plgure /0 .~ Tuft observations of the 1/10-scale float-strut model for the Hughea-gaieer Cargo
Airplane; step in float afterbody; float incidence 0° to wing chord; R, 7.0 x 10°. Teat, TDT 389.
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L-633

a = 7.230

a = 4,13°

o— Steady flow
o< Turbulent flow
—o— Intermittently separated flow
-0 Separated flow

Flgure // .-

a = 1,03°

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Tuft observations of the 1/10-scale float-strut model for the Hgghes—l(aiser Cargo

Alrplane; no afterbody step; float Incldence 0° to wing chord; R, 7.0 x 10°. Test, TDT %86,
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